Soft tissue complications are one of the most feared complications after operative treatment of calcaneus fractures. The incidence of wound complications is reported to be as high as 32%. The better understanding of the blood supply of the hind-foot together with the development of minimally invasive and percutaneous techniques helped to reduce such complications. Authors have reported on patient and surgery related factors that can contribute to skin and soft tissue complications however; drawing a definitive conclusion about the importance of each of these factors is cumbersome. In this article, we discussed the reported incidence of soft tissue complications associated with operative treatment.
In the late 1980s, Taylor and Palmer started to popularize the concept of angiosomes to provide a better understanding of the blood supply of the skin. They identified the peroneal artery to be the source of blood supply to the skin of the posterolateral aspect of the lower leg and hind-foot (4). The heel is supplied by 2 overlapping arteries which are the medial and lateral calcaneal arteries. The skin over the tendo-achillis is supplied by the posterior tibial artery and peroneal artery with vascular interconnection between the 2 arteries.
Freeman et al dissected 15 lower limbs and identified the posterior peroneal artery [which was later named the lateral calcaneal artery] at the level of the upper border of the calcaneus to be an average of 3.1 cm posterior to the lateral malleolus, 1 cm posterior to the sural nerve and 1.5 cm anterior to the tendo-achilles (5) . They suggested that the incision of the extensile lateral approach of the calcaneus probably divides this artery resulting in skin breakdown. Elsaidi et al in a cadaveric study identified a dangerous triangle between 3 points: the tip of the lateral malleolus, the point of which the lateral calcaneal artery pierces the deep fascia [3-4.5 cm above the midpoint of extending from tip of the lateral malleolus to the point of insertion of the tendo-achilles] and the point at which the artery crosses the line between the tip of the lateral malleolus and the insertion of the tendo-achilles [2.3-3 cm posterior to the tip of the lateral malleolus]. They hypothesized that the vertical limb of the extensile approach can be safely placed posterior to this triangle (6) . Journal of Orthoplastic Surgery (2018) 1:3-7
Risk factors for complications:

Patient factors:
Diabetes:
Folk et al (7) and Kwon et al (8) found an increase incidence of wound complications with diabetes. Folk et al identified diabetes to increase the relative risk of infection 3.4 times in a cohort of 179 patients treated by open reduction and internal fixation by extensile lateral approach (7). Kwon et al in a series of 405 calcaneal fractures identified increased incidence of wound complications in diabetic patients although this was not statistically significant (8) .
Smoking:
Several studies show an increased incidence of wound complications with smoking (2, 7-9). Assous and Bhamra compared incidence of wound complications in smokers vs. nonsmokers. Seventy percent of smokers had wound complications in comparison to 15% of nonsmokers (9) . Wu et al studied wound complications in 239 calcaneal fractures. They found that the risk of skin complications in smokers in 13.8 times higher than nonsmokers (2) .
Body mass index:
Shuler et al studied 63 calcaneal fractures and found that high body mass index is associated with delayed healing (10) .
Age:
Several studies suggest that age was not associated with increased incidence of wound problems (11) (12) (13) . Gaskill et al compared outcomes calcaneal fractures in patients older than 50 years to outcomes in patients less than 50 years. There were no skin complications in the group of patients less than 50 years and only one case with skin necrosis in patients older than 50 years. Herscovici et al concluded that age doesn't play a role in developing complications but medical comorbidities probably contribute to postoperative complications (12) . 
Drug abuse:
Court-Brown et al in a series of 178 patients had statistically higher wound complication rate in drug abusers (13) . They pointed that those patients had a higher average deprivation category score than the non-drug addict population suggesting that they were more socially deprived.
Sander's classification:
Kwon et al compared the rate of wound complications in patients with Sander's grade 1 and 2 fractures to patients with Sander's grade 3 and 4 fractures and did not find a significant difference between the 2 groups (8). Court-Brown et al did not find correlation between Sander's classification and would complication rate (13) .
Surgery related factors:
Surgical approach:
The incidence of wound complications with the extensile lateral approach is up to 32% (3, 15) . The percentage of complication was higher with external fixator than for minimally invasive and percutaneous technique (16). Kline et al compared the incidence of wound complications in patients treated with extensile lateral approach to patients treated with minimally invasive surgery. The incidence was higher in the patients treated by extensile lateral approach (29%) compared to minimally invasive techniques (6%) which was statistically significant (17) .
Duration of surgery:
Al-Mudhaffar et al, Koski et al and Wu et al identified increased wound complication with prolonged duration of surgery (2, 18, 19) . They concluded that surgeons should aim for operative time less than 2 hours and tourniquet time less than 1.5 hours (18) . Wound complications were 7.17 times higher in patients with duration of surgery more than 1.5 hours compared to patients with duration of surgery less than 1.5 hours (2).
Retraction of the skin flap:
Wu et al compared static skin retraction (K-wires drilled in the talus and bent) to dynamic retraction (manual retraction by an assistant). Skin complications were 1.59 times higher with the static than the dynamic retraction (2).
Postoperative drainage:
Stannard and coworkers showed lower incidence of wound dehiscence and infection when negative pressure wound therapy is applied to lower extremity fractures including calcaneal fractures (20) 
Skin closure:
Shuler et al showed 58 % wound complication rate in patients closed by a single layer technique in contrast to 28 % of patients closed by double layer technique. The difference between both groups was statistically significant (10) . On the other hand, Court-Brown et al compared one to two layered closure and didn't find a statistically significant difference between the 2 groups (13).
Antibiotics:
Wu et al analyzed data from 239 calcaneal fractures to compare the incidence of wound complications in patients in whom antibiotic was given more than 3 days to patients in whom antibiotic was given less than 3 days and there was no significant difference in wound complications between both groups (2).
Bone grafting:
Wu et al, Shuler et al and Folk et al didn't identify a significant differences in wound complication rates between patients who received bone graft when compared to patients who did not receive it (2,7,10). Yang et al in a systematic review that included 32 studies with 1281 fractures found a higher incidence of infection in patients with bone graft compared to patients with no bone graft but the difference was not statistically significant (21).
Surgeon's experience:
Court-Brown et al reviewed 178 calcaneal fractures treated by calcaneal plate fixation using an extensile lateral approach and observed a statistically significant difference in wound infection rate between experienced and less experienced surgeons. The infection rate was 14.3% for the inexperienced group compared to 2.8% for the most experienced surgeon (13). Kwon et al identified a statistically significant less wound complication rate for junior surgeons compared to senior surgeons in their series of 405 calcaneal fractures. However, they noted that senior surgeons in their series had a statistically significant higher utilization of the extensile lateral approach compared to junior surgeons (8) .
Timing of surgery:
Sanders suggested that surgery should be carried out after edema and swelling subsides and proposed the wrinkle test can be a clinical tool to determine when it is suitable to operate (22) . Al-Mudhaffar et al and Wu et al identified increased risk with early surgery (2, 18) . They reported that time to surgery is a significant risk factor for wound complications and recommended delaying surgery 7 to 10 days after injury (18) . Wu et al identified the wound complications to be 5.47 times higher in surgeries performed within the first 3 days of fracture compared to surgeries delayed more than 3 days (2). Kwon et al retrospectively analyzed data of 405 closed calcaneal fracture which received operative treatment. Out of these, 224 received ORIF by an extensile lateral approach, the incidence of wound complication for patients treated between 0-7 days was 34%, for patients treated between 8 to 14 days was 28% and for patients treated after 14 days was 35%. For patients treated by sinus tarsi or percutaneous approaches, the incidence of wound complications in patients treated between 0 to 7 days was 2%, for patients treated between 8-14 days was 8% and for patients treated more than 14 days was 15%. The patients treated 14 days after injury were 3 times more likely to develop wound problems compared to patients who had surgery between 0-7 days and this difference was statistically significant.
Treatment:
Prevention:
Prevention is probably the best way to prevent skin and soft tissue complication following calcaneal fractures. Bergin et al described an inpatient protocol to help to improve the skin condition and compared this protocol to a group of patients who received an outpatient management. The inpatient protocol consisted of applying compressive dressing and ice water inflow wrap with autochill pump for cold therapy. The patients injured extremity was elevated above the level of the heart at all times. The outpatient management included compressive dressing, ice water inflow wrap and elevation but this was not consistent for all patients. The patients who received the inpatient protocol had lower wound complications and an average of 4 days earlier surgery than patient managed as outpatients (23) .
Several authors suggested the use of an external fixator to allow the skin condition to improve followed by definitive internal fixation or as a definitive treatment. Brian et al applied a medial sided external fixator for 10 calcaneal fractures within 48 hours of injury followed by ORIF through a sinus tarsi approach for 8 fractures and primary subtalar fusion for 2 fractures when the skin condition improved. They had no postoperative wound infection of dehiscence (24) . For patients with displaced tongue type calcaneal fracture with bad skin and soft tissue condition on the posterior aspect of the heel, immediate reduction and percutaneous fixation can prevent further deterioration of the skin condition (25) .
Treatment of wound dehiscence:
If gapping of the wound is observed, range of motion exercise should be stopped to prevent further gapping. A course of oral antibiotics can be started. If a heamatoma is clinically detected, it should be evacuated to maintain the viability of the skin flap (26) . In the event of having more drainage, whirlpool treatment may be needed with the patient placed in a fracture boot (27) . Negative pressure wound management can be used. Partial thickness skin injuries usually heal with local wound care. More complex treatment modalities including flaps may be needed for non-healing wounds. The differentiation between wound dehiscence and infection is sometimes not easy and the surgeon should go to surgical debridement in case of any doubt (26) .
Treatment of wound infection:
If infection with purulent discharge develops, serial surgical debridement and administration of antibiotics guided by the results of culture and sensitivity tests is essential. In early wound infection, the patient may respond well to antibiotics as the bony affection is just superficial osteitis. Attempts can be made to retain the hardware for about 6 month to allow bony union followed by removal of hardware. The resultant wound after hardware removal can be managed by negative pressure wound management and should be assessed by plastic surgeon for the need of free tissue transfer (28, 29) . If diffuse osteomyelitis develops, removal of the hardware with removal of the necrotic bone should be done with insertion of antibiotic impregnated spacer. The wound should be managed by culture specific antibiotic for 6 weeks. The patient should be admitted for debridement and when culture results are negative, the surgeon can proceed with subtalar fusion. Typically, careful assessment is needed by plastic surgeon to assess the need of soft tissue coverage. In severe life threatening or uncontrollable infection, amputation may be needed (28, 27, 29) .
Prognosis:
De Groot et al studied the effect of short term complications on long term clinical outcomes. The incidence of superficial wound infection was 5%, deep wound infection was 7%, wound dehiscence was 24 % and hematoma requiring evacuation was 3%. Statistical analysis showed that wound complications did not influence long term outcomes (30) .
Conclusions:
Skin and wound complications remain one of the dreadful complications of operative treatment of calcaneal fractures. The better understanding of the anatomy of the lateral calcaneal artery suggests that the placement of the vertical limb of the extensile lateral approach close to the Achilles tendon may reduce the risk of injury to this artery. Careful assessment of the general and local patient condition together with taking into consideration surgical factors can reduce the risk of surgery. The presence of several risk factors can result in cumulative increase in the risk of developing wound complications. While local wound care can be used to treat wound dehiscence successfully, repeated surgical debridements with culture specific antibiotics and assessment by plastic surgeons may be needed for more complicated cases.
